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(71) We, Kabushhu Kaisha Daini 
Seikosha, a Japanese Company of 31-1, 6- 
chome, Kameido, Koto-ku, Tokyo, Japan, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed to be particularly described in and 
by the following statement: — 

This invention concerns an oscillator and, 
although the invention is not so restricted, it 
is more particularly concerned with an 
oscillator which may be employed as a 
mechanical filter for removing unwanted 
frequencies, or alternatively may be em- 
ployed in a portable electric device such, 
for example, as an electronic watch. 

According to the present invention, there 
is provided an oscillator com prising a piez o- 
electric or electrc^strictive ]osaIIator element 
whieh-4s^ppoitedJy_aJ^ 



her N fnr osdjlatfQrT^th respecUhereto, Jjie 
oscinaW^emenTbeing^secJi red to the first 
strp]3gfrffiember by way of a" fo yer of~ad"- 
hesrve7 the ^oscillator element ^tefeg^>ro- 
vldedwith at least one electrode having an 
end portion which extends outwardly of 
the oscillator element and which is elec- 
trically connected to a lead pin, the lead 
pin forming part of a second support mam- 
ber. 

The oscillator element is preferably a 
laminar member. 

The said adhesive layer is preferably re- 
silient~~Moreover, the-sate adhesive layer 
may, if desired, be an electrically conductive 
layer. 

The oscillator element may have an ob- 
verse si3e" w l iicl i is leinu l e f mnuthe first 
support member and whi chJs^provid ed with 
at least one electrode : 

Tteriirst supporfmember may be dis- 
posed adjacent one end portion of the oscil- 
lator element. More over, the osc illator ele- 
ment may be^ grovided , adjacent~an-oppQj- 
si te end portion th ereo f ; with one or -raore 
masses. 

The oscillator elements may have a re- 
verse surface which is disposed adjacent to 
the first support member and a part of which 



is directly secured to the said adhesive layer. 

In one particular embodiment of the in- 
vention, the oscillator element has a reverse 
surface which is disposed adjacent to the 
first support member and is provided with 55 
at least one electrode. In this case, the or 
an electrode on the said reverse surface may 
be secured to the said adhesive layer. 

The oscillator element may if desired be 
provided with a plurality of tines. Thus 60 
each tine may be provided with at least one 
electrode. 

There may for example-be- three~parallel 
tines the centre one of which in operation 
oscDlates in phase opposition to the outer 65 
tines. 

The oscillator element is preferably made 
of quartz, although it can alternatively be 
made of other piezoelectric materials such 
as barium titanate, lithium niobate or lead 70 
zirconate. 

The oscillator element preferably has a 
thickness not exceeding 100 microns. Thus 
it may for example have a thickness not ex- 
ceeding 50 microns. 75 

The invention also comprises a timepiece 
provided- < w®c^I2SaiiatoT--al^set" forth 
above. 

The invention is illustrated, merely by 
way of example, in the accompanying draw- 80 
ings, in which: — 

Figure 1 illustrates a first embodiment of 
an oscillator according to the present inven- 
tion, (A) showing the obverse side of an os- 
cillator element thereof together with its 85 
electrodes, 

(B) showing the reverse side thereof, and 

(Q showing a side view of the oscillator 
element and electrodes, 

Figure 2 is a cross sectional view of an 90 
oscillator provided with the oscillator ele- 
ment and electrodes of Figure 1, 

Figure 3 is a view similar to Figure 2 
but illustrating a modification, 

Figure 4 is a top perspective view of a 95 
second embodiment of an oscillator accord- 
ing to the present invention, 

Figure 5 is a cross-sectional view of the 
oscillator of Figure 4, and 

Figure 6 is a top perspective view of a 100 
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third embodiment of an oscillator accord- 
ing to the present invention. 

Terms such as "left" and "right" as used 
in the description below are to be understood 
5 to refer to directions as seen in the draw- 
ings. 

Referring first to the embodiment of 
Figures 1 and 2, an oscillator according to 
the present invention comprises a quartz 
10 laminar oscillator element 10 which may for 
example have a length of 5.5mm, a thickness 
of 25 microns, and a natural frequency of 

32 KHz. Alternatively, if desired, the oscil- 
lator element 10 may be made of other piezo- 

15 electric or electro-strictive materials such as 
barium titanate, lithium niobate, or lead zir- 
conate. 

The oscillator element 10 is shaped as a 
tuning fork and has two forks or tines 11, 

20 12 each of which may have a length of 2.8 
millimetres and a width of 0.315 mm. 

The obverse side of the oscillator element 
10 is provided with "beam lead" electrodes 
13, 14, 15, i.e. with electrodes an end por- 

25 tion of each of which extends outwardly of 
the oscillator element 10 and is of greater 
thickness than the main part of the electrode 
so as to be reinforced with respect to the 
latter. The electrodes 13, 15 are respectively 

30 mounted on the tines 11, 12, the electrode 
14 being disposed between the electrodes 13 
and 15. 

The electrodes 13, 14, 15 have end por- 
tions 20, 21, 22 which extend outwardly of 

35 the right-hand end portion 23 of the oscil- 
lator element 10. Each of the end portions 
20, 21, 22 is thicker than the main part of 
the electrode for reinforcement purposes and 
is soldered or otherwise bonded to a head 19 

40 of a lead pin 34 (shown in Figure 2) whose 
other end is conected to an electronic circuit 
(not shown). Thus each of the electrodes 
13, 14, 15 is electrically connected to a re- 
spective lead pin. Each lead pin 34 passes 

45 through and is carried by a pedestal 29. 

The left hand ends of the tines 11, 12 ex- 
tend beyond the electrodes 13, 14, 15 and 
are respectively provided on the obverse 
side of the oscillator element 10, with metal 

50 masses 24, 25. 

The reverse side of the oscillator element 
10 has secured thereto a single electrode 26. 
However, the left hand ends of the tines 11, 
12 extend outwardly of the electrode 26. The 

55 electrode 26 has a right hand end portion 30 
which extends outwardly beyond the right 
hand end portion 23 of the oscillator element 
10. The end portion 30 is also a so called 
"beam lead electrode" and is thicker than 

60 the remainder of the electrode 26 for rein- 
forcement purposes. The end portion 30 is 
soldered to a head portion 18 of a lead pin 

33 (shown in Figure 2) whose other end 
portion is connected to an electronic circuit 

65 (not shown), the lead pin 33 passing through 



and being carried by a pedestal or support 
member 28. 

As clearly shown in Figure 2, the oscillator 
element 10 is secured to an electricallv jn- 
su lating pedestal^ 31 for os eilltai iQn with r e- 70 
fi pEEt thereto, the ^edefi tol ^or cuppor4-mem> 
ber 31 being disposed adjacent tcr anoLalignecL 
with the right nana end p oruon23j ^the 
oscillator element 10: — Hie electrode^ 26, 
which is secured-4e-the surface of the oscil- 75 
lator element 10 which is disposed adjacent 
to the pede^alJU^isjgcjired-to the latterly 
.way or a j^eQ^ ^Adhesive^ g^ef raw 
jnjbber^ 

heliyeIl^er-32- may be eith etLan^el ectrica lly 80 
i nsulating layer or ^an electrically conductive 
laver. ine ped estaT3J is secure^ ohrametal 
> c a5e~memb er 27r wnile the pedesta ls 287^9 
are mounted in The metal case member-27. 
ThT"rIeacri8, 19 of these lead pins are re- 85 
spectively connected to the end portions 30, 
22 by bonding or soldering. As indicated 
above, the other end portions 20, 21 are 
connected to the respective pedestals hav- 
ing lead pins (not shown). 90 

When the oscillator element 10 is mounted 
on the pedesta!3 1, and each end portion i s 
b onded to~the _r espective Teadj an^the oscil- 
lator elemenriT hermeticaiiysealed' by a 
transparent cover 35, which engages the 95 
metal case member 27. 

Then by applying a lazer beam to the 
metal masses 24, 25 through transparent 
cover 35, the oscillating frequency of the 
oscillator can be adjusted to a predetermined 100 
value, because the weight of masses 24, 25 
are lessened by evaporation, and this reduc- 
tion in the weight of the masses 24, 25 in- 
creases the said oscillating frequency. Con- 
sequently, in order to be able to use the laser 105 
beam in this way, the natural frequency of 
the oscillator must be designed lower than 
the frequency to which it is to be adjusted. 

In the modification shown in Figure 3, the 
construction is closely similar to that of 110 
Figures 1 and 2 except that the end portions 
20 to 22 do not extend so far outwardly of 
the oscillator element 10, while the elec- 
trode 26 does not extend longitudinally out- 
wardly of the oscillator element 10 at all. 115 
In this case, the oscillator element is moun- 
ted on the top of a lead pin 16 by way of 
a conductive adhesive layer 32 the lead pin 
16 passing through and being carried by an 
insulating pedestal 31. This enables the 120 
pedestal 28 to be eliminated. 

In the embodiment of the present inven- 
tion shown in Figures 4 and 5, a quartz or 
other piezo-electric or electro-strictive lamina 
oscillator element 36 is supported by an 125 
electrically insulating pedestal or support 
member 37 for oscillation with respect there- 
to, the oscillator element 36 being secured 
to the pedestal 37 by way of a layer of ad- 
hesive 38. As will be seen from Figure 5, 130 
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the oscillator element 36 extends longitu- 
dinally outwardly of the pedestal 37 only on 
the left hand side thereof. As will also be 
seen from Figure 5, the reverse surface of 
5 the oscillator element 36 i.e. the surface ad- 
jacent to the pedestal 37 is directly secured 
to the layer 38 of adhesive. The layer 38 
which may be of a raw rubber having resili- 
ence, may be either electrically conducting 

10 or electrically insulating. The pedestal 37 
is secured to a metal case member 27. 

In the construction of Figures 4 and 5, the 
reverse surface of the oscillator element 36 
is not provided with an electrode and thus, 

15 as explained above, can be directly secured 
to the layer 38 of adhesive. However, the 
obverse surface of the oscillator element, 
i.e. the surface remote from the pedestal 37 
is provided with a plurality of electrodes. 

20 Thus the oscillator element 36 is formed as 
a tuning fork having three parallel tines 40, 
41, 42, the centre tine 41 of which in oper- 
ation oscillates in phase opposition to the 
outer tines 40, 42. The obverse surface of 

25 the tine 40 is provided with electrodes 43, 
44, the obverse surface of the tine 41 is 
provided with electrodes 45, 46 and the ob- 
verse surface of the tine 42 is provided with 
electrodes 47, 48. 

30 Each electrode 43 to 48 has a "beam 
lead" or end portion respectively which ex- 
tends outwardly of the right-hand end por- 
tion of the oscillator element 36. Each 
beam lead is soldered or bonded to the head 

35 50 of a lead pin 51 respectively, each said 
head 50 is mounted on a pedestal 49 through 
which the lead pin 51 passes. The pedestal 
49 is made of electrically insulating mater- 
ial and is fixed to the metal case member 27. 

40 After encasing the oscillator element 36 by 
using a transparent cover (not shown), the 
oscillating frequency is adjusted in a same 
way as indicated in connection with the em- 
bodiment of Fieures 1 and 2. 

45 The left hand ends of the obverse surfaces 
of the tines 40, 41, 42 are respectively pro- 
vided with masses 56. 57, 58. 

The oscillator shown in Figure 6 is gener- 
ally similar to that of Figures 1 and 2 and 

50 therefore will not be described in detail, like 
reference numerals indicating like parts. In 
the construction shown in Figure 6, however, 
the electrodes 13, 14, 15 and the electrode 
26 have end portions 20a, 21a; 22a and 30a 

55 respectively which extend outwardlv of the 
oscillator element and sidewavs of the latter. 
Each end portion is bent perpendicularly for 
the benefit of easv electrical connection. 
Both the oscillator element 10 and Hie 

60 oscillator element 36 may be produced bv a 
photo-etching technique, using appropriate 
photolithographic masks (not shown) to 
achieve the desired dimensions and shape. 
Such techniques may include coating an 

65 appropriately oriented piezo-electric wafer 



with a photoresist, exposing the photoresist 
through a mask defining the shape of the os- 
cillator element, removing the unexposed 
photoresist and etching away the regions of 
the piezo-electric wafer not covered by the 70 
exposed photoresist. 

It has previously proved difficult to effect 
a satisfactory mounting of a known tuning 
fork oscillator element which had electrodes 
disposed on both its observe and reverse sur- 75 
faces. Moreover, the known oscillator ele- 
ment was liable to be cracked during the 
process of bonding lead wires thereto be- 
cause the oscillator element itself is very thin. 
The oscillator described with reference to 80 
the accompanying drawings, however, re- 
quires less skill to produce than that of the 
prior art so that there are fewer rejects. The 
bonding of the lead pins to the end portions 
of the electrodes is, moreover, less likely to 85 
cause cracking than in the case of the prior 
art, while the mounting of the oscillator ele- 
ment on a pedestal by way of a layer of resi- 
lient adhesive improves the performance of 
the oscillator under impact This is an im- 90 
portant feature since one of the main ap- 
plications of the present invention is as an 
oscillator of an electronic wrist watch. Fur- 
thermore, it is easy to mass-produce oscilla- 
tor elements of this kind, since they are 95 
fabricated by a photo-etching technique. In 
other words, a beam lead is not attached 
on an electrode as a separate part. 

By bonding or soldering a "beam lead" or 
electrode end portion to a lead pin which is 100 
secured on a pedestal, wire bonding is elim- 
inated, because the electrodes are connected 
electrically to other circuits via the pedestal 
having the lead pin. 

105 

WHAT WE CLAIM IS : — 

1. An oscillator comprising a piezo-elec- 
tric or electro-strictive oscillator element 
which is supported by a first support member HO 
for oscillation with respect thereto, the oscil- 
lator element being secured to the first sup- 
port member by way of a layer of adhesive, 

the oscillator element being provided with 
at least one electrode having an end portion 115 
which extends outwardly of the oscillator 
element and which is electrically connected to 
a lead pin, the lead pin forming part of a 
second support member. 

2. An oscillator as claimed in claim 1 in 120 
which the oscillator element is a laminar 
member. 

3. An oscillator as claimed in claim 1 or 
2 in which the said adhesive layer is resilient 

4. An oscillator as claimed in any pre- 125 
ceding claim in which the said adhesive 
layer is an electrically insulating layer. 

5. An oscillator as claimed in any pre- 
ceding claim in which the oscillator element 
has an obverse side which is remote from 130 



1,465,970 



first support member and which is provided 
with at least one electrode. 

6. An oscillator as claimed in any pre- 
ceding claim in which the first support mem- 

5 ber is disposed adjacent one end portion of 
the oscillator element. 

7. An oscillator as claimed in claim 6 in 
which the oscillator element is provided, ad- 
jacent an opposite end portion thereof, with 

10 one or more masses. 

8. An oscillator as claimed in any pre- 
ceding claim in which the oscillator element 
has a reverse surface which is disposed ad- 
jacent to the first support member and a 

15 part of which is directly secured to the said 
adhesive layer. 

9. An oscillator as claimed in any of 
claims 1 to 7 in which the oscillator element 
has a reverse surface which is disposed ad- 

20 jacent to the first support member , and is 
provided with at least one electrode. 

10. An oscillator as claimed in claim 
9 in which the or an electrode on the said 
reverse surface is secured to the said adhesive 

25 layer. 

11. An oscillator as claimed in any pre- 
ceding claim in which the oscillator element 
is provided with a plurality of tines. 



12. An oscillator as claimed in claim 11 
in which each tine is provided with at least 
one electrode. 

13. An oscillator as claimed in claim 11 
or 12 in which there are three parallel tines 
the centre one of which in operation oscil- 
lates in phase opposition to the outer tines. 

14. An oscillator as claimed in any pre- 
ceding claim in which the oscillator element 
is made of quartz, barium titanate, lithium 
niobate or lead zirconate. 

15. An oscillator as claimed in any pre- 
ceding claim in which the oscillator element 
has a thickness not exceeding 100 microns. 

16. An oscillator substantially as herein- 
before described with reference to and as 
shown in Figures 1 and 2, or Figure 3, or 
Figures 4 and 5, or Figure 6 of the accom- 
panying drawings. 

17. A timepiece provided with an oscil- 
lator as claimed in any preceding claim. 

J. MILLER & CO., 
Agents for the Applicants, 
Chartered Patent Agents, 

Lincoln House, 
296—302 High Holborn, 

London, WC1V 7JKL 
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